Binding by Proteins of the Rat Liver Cytosol of Compounds Derived
Two proteins have been isolated from rat liver cytosol, which because of their binding specificities might be expected to play some part in haem metabolism. They are ligandin (Ketterer et a[., 1967; Litwack et al., 1971) and aminoazo-dye-binding protein A (protein A) (Ketterer et al., 1967 (Ketterer et al., , 1976 . Protein A is probably identical with another preparation called the Z-protein (Levi et al., 1969; Ketterer et al., 1976) .
Ligandin is present in the cytosol at concentrations of 5 0 -1 0 0 p~ (Fleischner et a/., 1972), and Sephadex G-loadsorption experiments together with fluorescence quenching measurements indicate that ligandin binds haem at a single strong binding site with an association constant of 107-108 litrelmol. Ligandin also binds bilirubin at the same site as haem with an association constant of 7 x lo6 litre/mol. These are only two of a wide range of ligands bound by ligandin, but the binding of haem is the strongest yet studied .
Protein A is present in the cytosol at a similar molar concentration to that of ligandin (Mishkin el a/., 1972). Difference spectroscopy show that this protein binds haem much less strongly (K sz lo5 litre/mol) than does ligandin, but that it binds bilirubin with a somewhat higher affinity ( K 2 2x lo7 litre/mol).
In order to observe the presence or absence of binding proteins during haem biosynthesis, intracellular transfer and catabolism the haem precursor S-amin~[G-~H J laevulinic acid has been administered to rats and protein-bound radioactivity in the soluble supernatant fraction from the liver analysed by gel filtration. Two time-intervals have been studied: one at IOmin, when the biosynthetic phase is likely to be dominant; Gel filtration was performed on columns (2.5cm x 90cm) of Sephadex (3-100. Labelling periods of lOmin (....) and 60min (-) were used.
561st MEETING, LEEDS the other at 60min, when the accumulation of haem in soluble haem enzymes should become apparent and when there should also be evidence of the catabolic phase associated with the formation of early labelled bilirubin (Schmid et al., 1966) . The elution patterns of radioactivity are shown in Fig. 1 . At 60min five labelled compounds designated 1-5 are separated. Component 3 contains ligandin and component 5 contains protein A. Haem has so far been crystallized from components 1 , 2 and 3. After the shorter lOmin period total protein-bound radioactivity is less, component 3 containing ligandin dominates the elution pattern and other components are present in small amounts, if at all. At 60min the occurrence of label in component 5, containing protein A, which has a high binding affinity for bilirubin, suggests that the catabolic phase contributes to this pattern. Component 1 coincides with the void volume and may represent the accumulation of haem in the high-mol.wt. enzymes tryptophan pyrrolase and soluble catalase. Component 2 is a haemoprotein of approx. mol.wt. 80O00, but is otherwise unidentified physiologically. Component 4 is discussed below.
Two experiments have been performed which throw some light on the relationship between these binding proteins and haem catabolism. In one the soluble supernatant fraction from rats 60min after the administration of 5-aniin0[G-~H]laewlinic acid was incubated with a microsomal preparation in the presence of NADPH. With the noteworthy exception of component 5 all components lost radioactivity and component 4 disappeared completely.
In another CoCI,, which accelerates haem catabolism by stimulating haem oxygenase (Maines &Kappas, 1974) , was administered. This caused large increases in components 3 and 5, particularly the latter (see Fig. 2 ). These two experiments support the hypothesis that component 5 binds a product of haem oxygenase activity in keeping with the presence of protein A, which binds bilirubin.
A striking increase in binding to component 4 was brought about by2-allyl-2-isopropylacetamide (see Fig. 3 ), a drug that promotes the degradation of haem, the formation of 'green pigments' and the excretion of high levels of porphyrins (De Matteis, 1971 ). This effect on component 4 will enable it to be studied more readily in future.
The use of labelled haem precursor has shown a complex pattern of binding proteins.
This pattern is markedly altered by two drugs which accelerate haem catabolism in 2-Allyl-2-isopropylacetamide was given a t a dose of 400mg/kg body wt. and administered subcutaneously in 0.9 % NaCI. different ways. It appears that several of these proteins, including ligandin and protein A, are involved in the biosynthesis and catabolism of haem. Much further work is required before these binding patterns can be fully interpreted.
